Objective: To analyze the long-term skeletal and dentoalveolar effects and to evaluate treatment timing of Class II treatment with functional appliances followed by fixed appliances. Materials and Methods: A group of 40 patients (22 females and 18 males) with Class II malocclusion consecutively treated either with a Bionator or an Activator followed by fixed appliances was compared with a control group of 20 subjects (9 females and 11 males) with untreated Class II malocclusion. Lateral cephalograms were available at the start of treatment (mean age 10 years), end of treatment with functional appliances (mean age 12 years), and longterm observation (mean age 18.6 years). The treated sample also was divided into two groups according to skeletal maturity. The early-treatment group was composed of 20 subjects (12 females and 8 males) treated before puberty, while the late-treatment group included 20 subjects (10 females and 10 males) treated at puberty. Statistical comparisons were performed with analysis of variance followed by Tukey's post hoc tests. Results: Significant long-term mandibular changes (Co-Gn) in the treated group (3.6 mm over the controls) were associated with improvements in the skeletal sagittal intermaxillary relationship, overjet, and molar relationship (,3.0-3.5 mm). Treatment during the pubertal peak was able to produce significantly greater increases in total mandibular length (4.3 mm) and mandibular ramus height (3.1 mm) associated with a significant advancement of the bony chin (3.9 mm) when compared with treatment before puberty. Conclusion: Treatment of Class II malocclusion with functional appliances appears to be more effective at puberty. (Angle Orthod. 2013;83:334-340.) 
INTRODUCTION
Functional jaw orthopedics (FJO) is a specific type of treatment for Class II dentoskeletal disharmonies associated with mandibular retrusion. Despite controversies on the effectiveness of FJO, it has been shown that in the short term, FJO produces different dentoskeletal results based on timing of treatment. [1] [2] [3] [4] [5] [6] [7] [8] [9] A significant supplementary elongation of the mandible can be achieved only when FJO is performed at pubertal or immediately postpubertal periods of skeletal development. [2] [3] [4] [5] [6] Recently, it has been suggested that FJO at the pubertal spurt followed by fixed appliances is a viable therapeutic option in patients with unfavorable Class II malocclusions. 10 As for the long-term outcomes of FJO, data available in the literature are much more scarce. 4, 6, [11] [12] [13] [14] [15] While Freeman et al. 14 and Malta et al. 15 have described a long-term statistically significant increase in mandibular length in patients treated with FJO over untreated Class II controls of about 3 to 3.5 mm, DeVincenzo 11 and Hansen and Pancherz 12 have reported a lack of significant changes for the mandible of treated Class II subjects in the long term. However, in both latter studies, the nature of the controls was problematic, with DeVincenzo 11 using a mixed group of Class II and Class I subjects (some of whom had been treated before or were still in treatment), while Hansen and Pancherz 12 used values derived from the ''Bolton Standards,'' a group of subjects highly selected on the basis of ideal occlusions and well-balanced faces. 16 Few studies 4, 6 have described the long-term effects of FJO at different stages of dentoskeletal development.
The aim of the present study was to analyze the long-term dentoskeletal effects of Class II treatment with functional appliances (Bionator or Activator) followed by fixed appliances and to compare the dentoskeletal changes induced by the treatment at two different stages of skeletal maturation (prepubertal vs pubertal).
MATERIALS AND METHODS
The cephalometric records of 40 patients (22 females and 18 males) with Class II division 1 malocclusion (overjet greater than 5 mm, full Class II, or end-to-end molar relationships, maxillomandibular differential smaller than 23 mm 17 ) treated consecutively either with the Bionator (21 subjects) or Activator (19 subjects) were reviewed. The subjects were collected from an orthodontic practice (Bionator) and from the records of patients treated in the Department of Orthodontics of the University of Rome Tor Vergata (Activator). The study project was approved by the Ethical Committee at the University of Rome Tor Vergata, and informed consent was obtained from the subjects' parents.
The nonextraction treatment protocols consisted either of a Bionator constructed without coverage of the lower incisors 6, 15 or of an acrylic monobloc attached to the upper arch by Adams clasps and with capping of the upper and lower incisors. 18 Treatment with functional appliances finished with the achievement of Class I molar relationship and was followed by fixed appliance therapy in the permanent dentition. To be included in the study, the patients had to present with lateral cephalograms available at three time periods: T1, at the start of treatment; T2, at the end of FJO; and T3, at long-term observation after completion of growth, 19 including the phase with fixed appliances. The T3 observations were collected and analyzed regardless of the treatment outcomes in terms of correction of Class II malocclusion in the individual patients. This approach assisted in further reducing potential selection bias of the study. The lateral cephalograms of a matched control group of 20 white subjects (9 females and 11 males) with untreated Class II division 1 malocclusion were obtained from the University of Michigan Growth Study and the Denver Child Growth Study. The demographic data of the treated and control samples are reported in Table 1 .
The treated sample was divided into two groups according to skeletal maturity at the start of treatment evaluated by means of the cervical vertebral maturation (CVM) method. 19 The early-treatment group (ETG; Table 1 ) was composed of 20 subjects (12 females and 8 males) presenting with CS1 at T1. CVM stages at T2 were either CS1 or CS2. Therefore, the peak in growth velocity was not included in the period of treatment with functional appliances for any of the subjects in ETG. At T3, all subjects of the ETG presented with CS6. The late-treatment group (LTG; Table 1 ) included 20 subjects (10 females and 10 males) presenting with CS3 at T1. Stages in CVM at T2 were either CS4 or CS5. Therefore, the peak in growth velocity was included in the period of treatment with functional appliances for all of the subjects in LTG. Stage in CVM at T3 was CS6 for all the subjects of the LTG. The demographic data of ETG and LTF are reported in Table 1 .
The practitioners who performed the treatment were blind to the fact that the patients would be part of a clinical study on the differential effects of the treatment timing (ETG vs LTG) with functional appliances in Class II malocclusion. Similarly, the examiners who analyzed lateral cephalograms of treated patients LONG-TERM EFFECTS OF FJO before and after treatment were blind as to the origin of the films and to the group to which individual patients belonged (double-blind design of the study).
Cephalometric Analysis
All lateral cephalograms of each patient were hand traced at a single sitting. Cephalograms were traced by one investigator. Landmark location and the accuracy of the anatomical outlines were verified by a second. Any discrepancies as to landmark placement were resolved by mutual agreement. A customized digitization regimen (Viewbox, version 3.0, dHAL Software, Kifissia, Greece) was created and used for the cephalometric evaluation.
Lateral cephalograms for each patient at T1, T2, and T3 were digitized, and a custom cephalometric analysis was used. Twenty variables (13 linear and 7 angular) were generated for each tracing. Lateral cephalograms of treated and control groups at T1, T2, and T3 were standardized as to magnification factor (8%).
Method Error and Sample Size Calculation
Eleven subjects from the final samples (33 cephalograms) were selected at random. All films were retraced and redigitized. Intraclass correlation coefficients were calculated to compare within-subjects variability to between-subjects variability. Correlation coefficients for the dentoskeletal measures were greater than .95.
The sample size for the treated and control groups was calculated considering a clinically significant difference of 3.0 mm in the maxillo-mandibular differential with a standard deviation of 2.9 mm (as derived from a previous study 15 ), a power of .80, and alpha of .05. The calculated sample size for the analysis of variance (ANOVA) test was 19 subjects in each group (SigmaStat 3.5, Systat Software, Point Richmond, Calif).
Statistical Analysis
The Mann-Whitney U-test was applied to the comparisons between craniofacial starting forms in the treated group vs control group and ETG vs LTG. ANOVA followed by Tukey's post hoc tests were performed to compare T1-T2, T2-T3, and T1-T3 changes in the treated sample vs control group and in ETG vs LTG. All statistical computations were calculated with a statistical software package (Statistical Package for the Social Sciences, SPSS, version 16.0.1, Chicago, Ill). ns indicates not significant; Max-mand differential, maxillo-mandibular differential was calculated as the difference between Co-Gn and Co-A. The molar relationship was measured as the distance between mesial contact heights of contour on the maxillary and mandibular first molars along the functional occlusal plane.
* P , .05.
RESULTS
Descriptive data and statistical comparisons between treated and control groups for starting forms and cephalometric changes from T1 to T2, T2 to T3, and T1 to T3 are given in Tables 2 and 3, respectively. There were no significant differences between the treated group and the control group in starting forms except for overjet, which was significantly greater by 1.3 mm in the treated group (Table 2) .
When compared with the controls, the treated group presented with a significant increase of 3.6 mm in mandibular length (Co-Gn) both in the short term (T1-T2 interval) and in the long term (T1-T3 interval; Table 3 ). There were no significant between-group differences for skeletal sagittal maxillary measures. The treated group showed a significant decrease in the Wits appraisal and a significant increase in the maxillomandibular differential with respect to the control sample both in the T1-T2 (23.4 mm and 3.4 mm, respectively) and in the T1-T3 intervals (23.7 mm and 3.5 mm, respectively). Lower anterior facial height (ANS-Me) was increased significantly in the treated group both in the short term (2.7 mm) and in the long term (2.8 mm), while the mandibular ramus (Co-Go) was significantly increased in the treated group in the T1-T3 interval (3.2 mm). Both overjet and overbite exhibited significant decreases both during the T1-T2 interval (23.3 mm and 21.7 mm, respectively) and during the T1-T3 interval (23.1 mm and 21.6 mm, respectively). The sagittal relationship of the maxillary and mandibular molars improved significantly in the treatment group both in the short-term interval (3.0 mm) and in the long-term interval (2.8 mm). The treated group exhibited also a significant retroclination of upper incisors in the T1-T2 interval (U1 to FH, 26.1u).
There were no significant differences between the ETG and the LTG in starting forms except for molar relationship, which was significantly more distal by 1.2 mm in the LTG ( Table 4 ).
The comparisons between the ETG and the LTG ( Table 5 ) revealed that the chin was significantly more protruded in LTG both in the T1-T2 and in the T1-T3 intervals (Pg to Nasion perpendicular 4.5 mm and 3.9 mm, respectively). Total mandibular length showed significantly greater increases in the LTG vs ETG both in the short-term interval (5.5 mm) and long-term interval (4.3 mm). The LTG showed a significant increase in the maxillo-mandibular differential during the T1-T2 interval (3.1 mm). The mandibular ramus (Co-Go) was significantly increased in the LTG both in the T1-T2 and in the T1-T3 intervals (4.8 mm and 3.1 mm, respectively). Overjet exhibited significant decreases in LTG vs ETG during the T1-T2 interval (22.4 mm). The distal molar relationship was significantly improved in the LTG both in the short term (2.1 mm) and in the long term (1.9 mm).
DISCUSSION
No short-or long-term maxillary effects were assessed as a consequence of FJO in Class II patients. This result confirms observations of a previous controlled long-term study on the effects of the Bionator. 15 The functional appliances induced a significant elongation of the mandible over the controls (3.6 mm) that was maintained in the long term. The significant elongation in the mandible was not associated with a significant advancement of the chin (Pg to Nasion perpendicular) both in the short term and in the long term. This observation is in agreement with a previous study on the long-term effects of the Bionator. 15 The functional appliances, however, were effective in improving the skeletal sagittal intermaxillary relationship with a reduction of approximately 3.5 mm both in the Wits appraisal and in the maxillomandibular differential that occurred both in the short term and in the long term. This result differs from what reported in the study by Malta et al., 15 who did not find any significant skeletal intermaxillary change.
As for the vertical skeletal effects, functional appliance treatment did not induce any significant change either in the inclination of the palatal plane to the Frankfort horizontal or in the inclination of the mandibular plane to the Frankfort horizontal and to the palatal plane. A significant increase in lower anterior facial height in the treated group was associated with a significant increase in the height of the mandibular ramus in the long term. Adequate control of vertical skeletal relationships in the long term was achieved through a good balance between posterior and anterior facial height increases. Similar findings were also reported by Malta et al., 15 who found a significant increase in the vertical dimensions of the face as a result of Bionator therapy.
In the current study, functional appliances were effective in reducing both the overjet and the overbite (by approximately 3.0 mm and 1.5 mm, respectively) and in improving the sagittal molar relationship (by approximately 3.0 mm) both in the short term and in the long term. A contribution to overjet correction was provided by a retroclination of the upper incisors in the short term. There were no statistically significant changes in the inclination of the lower incisors either in the short or in the long term in the treatment group vs the control group. This finding suggests that there was no dentoalveolar compensation in the skeletal correction of Class II malocclusion. The dentoalveolar changes found in the present study are very similar to those reported by Malta et al. 15 As an additional result (not shown in the tables), no significant changes in the inclination of the lower incisors were recorded either in the short or in the long term when analyzing the subjects treated with the Bionator vs those treated with Activator. Consequently, the presence of absence of the coverage of the lower incisors did not affect significantly their inclination.
The second part of this study analyzed the long-term effects of functional appliances as a function of treatment timing. A previous study by Faltin et al. 6 evaluated differences in the dentoskeletal response of patients treated before or during the peak in mandibular growth with the Bionator appliance followed by fixed appliances. The major limitation of the study by Faltin et al. 6 was the small number of subjects who were included either in the ETG (13 subjects) or in the LTG (10 subjects). Hansen et al. 4 compared the long-term dentoskeletal changes induced by the Herbst appliance before, at, and just after the peak height velocity. The limitations of the study by Hansen et al. 4 were that the authors analyzed the specific effects of Herbst treatment without an appraisal of comprehensive treatment of the malocclusion with fixed appliances; moreover, treatment duration with the Herbst appliance was too short (7 months of active treatment on average) to allow for the newly formed bone in the condyle and in the glenoid fossa to mature into more stable bone. 20 Treatment of Class II malocclusion with functional appliances during the pubertal peak is able to produce significantly greater increases in total mandibular length and mandibular ramus height associated with a significant advancement of the bony chin when compared with treatment before puberty. These favorable mandibular changes reached both a statistically significant and clinically significant level in both the short term and the long term (about 3 to 5 mm). Treatment at puberty also is characterized by a greater correction of overjet and sagittal molar relationship with respect to treatment before puberty, in both the short term and the long term (about 2-2.5 mm).
The results of the current study confirmed that treatment with a functional appliance that includes the peak in mandibular growth appears to be more effective than treatment performed before the peak, as it induces more favorable mandibular skeletal modifications. [2] [3] [4] [5] [6] The present investigation showed that the favorable mandibular modifications induced by pubertal vs prepubertal treatment are stable in the long term.
CONCLUSIONS
Treatment of Class II malocclusion with functional appliances followed by fixed appliances produced the following:
N A significant long-term elongation of the mandible over the controls associated with improvements in the skeletal sagittal intermaxillary relationship, the overjet, and sagittal molar relationship. N A significant reduction of the overbite associated with an increase in lower anterior facial height and mandibular ramus height. N Significantly greater increases during the pubertal peak in total mandibular length and mandibular ramus height associated with a significant advancement of the bony chin when compared with treatment before puberty.
